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doi:10.1016/j.jtcvs.2003.11.065TBackground: Ascending aortic aneurysms with normal sized sinotubular junction
are generally treated by resection of the dilated aorta and replacement with tubular
graft. Aortic resection and direct end-to-end anastomosis has been applied to repair
aortic coarctation, interrupted aortic arch, and traumatic aortic rupture. No data exist
regarding the long-term durability of this approach in ascending aortic aneurysms.
The aim of this case-control study was to illustrate the durability of this operation
by presenting our entire experience and the long-term follow up of a cohort of 34
patients who underwent ascending aortic aneurysm resection and primary end-to-
end anastomosis between January 1990 and March 2003 in Caen University Hos-
pital (Caen, France).
Methods: The mean age of patients was 61.5  12.5 years, and there were 18 male
and 16 female patients. The operative technique included extensive mobilization of
the arch, supra-aortic trunks, and inferior vena cava to enable approximation of the
aortic ends, thus avoiding tension on the suture lines. Associated aortic valve
replacement was performed in 27 patients; mechanical valves were used in 19. A
bicuspid aortic valve was present in 9 patients; in 3 cases the valve was regurgitant.
Aortic valve regurgitation was present in a total of 7 patients. Patients were followed
up at regular intervals; total follow-up was 2187 patient-months, with a median
follow-up time of 72 months per patient (25th-75th percentile 10.5-102.7 months).
Results: One patient died 10 days after the operation of aortic rupture related to
suture infection caused by mediastinitis. Late deaths occurred in 3 patients, who
died 12, 62, and 71 months after the operation, but none of these deaths were
attributable to late aortic repair failure. No patient in this series required reoperation,
including patients with aortic regurgitation or bicuspid aortic valve. Follow-up was
91.1% complete at the closing date of April 1, 2003. The Kaplan-Meier estimate of
survival for all patients was 120.4 months (95% confidence interval 105.1-135.7
months). The median of preoperative maximal aortic diameter was 55.1 mm (range
50.3 to 67.5 mm, 25th-75th percentile 50.5-56.8 mm). The median immediate
postoperative diameter was 40.3 mm (range 33.4-46.4 mm, 25th-75th percentile
37.2-42.0 mm, P  .0001 relative to preoperative diameter), and the median length
of the resected aortic segment was 52 mm (range 48-76 mm, 25th-75th percentile
50.1-66.4 mm). The median decrease of aortic diameter was 24.9 mm (range
8.9-32.6 mm, 25th-75th percentile 18.2-26.6 mm).The median aortic diameter at the
end of the follow-up was 41.0 mm (range 34.6-46.1 mm, 25th-75th percentile
37.0-43.2 mm, P  .6 relative to immediate postoperative diameter).
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CDConclusions: Ascending aorta aneurysm resection and primary end-to-end anasto-
mosis provides effective long-term outcome and in selected cases represents a good
alternative to aortic interposition grafting. Aortic regurgitation and bicuspid aortic
valve do not represent a contraindication for this treatmentGraft interposition after aneurysmal resec-tion is the conventional technique to treatan ascending aortic aneurysm. Reductionaortoplasty, with or without external pros-thetic support, represents an alternativeapproach in selected cases. Aneurysmal
excision without graft prosthesis represents a third alterna-
tive approach to treat a segmental dilation of the proximal
aorta. Aortic resection and direct anastomosis has been
considered as standard treatment for certain congenital
anomalies, such as coarctation and interrupted aortic arch.
Primary repair has also been used occasionally in traumatic
aortic rupture1 and in special cases of ascending aortic
aneurysm2,3 or dissection.4 With regard to acute aortic dis-
section, current evidence indicates that this strategy does not
provide durable results,5 whereas no data exist regarding the
long-term durability of this approach for ascending and
descending thoracic aortic aneurysms. We report here the
long-term follow-up of patients with ascending aortic aneu-
rysm treated with aneurysmal resection and direct anasto-
mosis. We also describe the technique used to relieve ten-
sion at the anastomosis, which enables the surgeon to
perform primary end-to-end aortic anastomosis for ascend-
ing aneurysm in young patients as well in the older popu-
lation with less mobile and elastic aortas.
Patients and Methods
Between January 1990 and March 2003, a total of 34 patients were
treated at Caen University Hospital with the technique of ascend-
ing aortic aneurysm resection and primary end-to-end anastomosis.
There were 16 women and 18 men, and the mean age was 61.5
years (median 65.2 years, range 25-78 years). Bicuspid aortic
valves were present in 9 patients, and 3 of these valves were
regurgitant. Aortic valve regurgitation was present in 7 patients.
Twenty-seven of these patients underwent associated aortic valve
replacement, 5 for aortic regurgitation and 22 for aortic stenosis;
mechanical valves were used in 19 cases. Repair of aortic leaflet
prolapse, which was causing severe aortic valve regurgitation, was
performed in 2 cases.
Table 1 illustrates in detail the clinical characteristics of all
patients. The severity of histologic abnormalities of the resected
aortic wall slides is expressed by the aortic wall score according to
Matthias Bechtel and colleagues.6
Follow-up and Measurement Criteria
A combination of follow-up methods was used simultaneously toble. All patients were
iovascular Surgery ● Mafollowed up by their cardiologist and general practitioner; more-
over, the common closing data method was used in April 2003.
During postoperative office visits, each patient was seen by the
cardiologist. Transthoracic or transesophageal echocardiography
was performed. Mitral valve was systematically explored during
follow-up. Chest computed tomographic (CT) scan was obtained
for all patients at the follow-up closing time by April 2003.
All living patients (30/34 patients) could be traced at the
common closing date and contacted by telephone; a total of 28
patients agreed to undergo clinical and instrumental investigations.
Two patients refused to join clinical controls and to undergo CT
scan study; nonetheless, for them recent CT scan data (9 months
previously) were available. Total follow-up was 2187 patient-
months, with a median follow-up of 72 months per patient (25th-
75th percentile 10.5-102.7 months). Preoperative measurements of
the ascending aorta diameters were performed on CT scan; fur-
thermore the aorta was measured intraoperatively before and after
resection. The extent of resection was measured directly from the
resected aorta specimen. During the follow-up, aortic diameters
were measured on the chest CT scan.
Because of the extensive aortic resection, resulting in a marked
proximity between the sinotubular junction and the origin of the
brachiocephalic trunk resection, to guarantee an adequate compar-
ison of measurements aortic size was assayed about 10 mm above
the sinotubular junction, either before or after the procedure. For
graphic representation of the mean aortic root diameters at follow-
up, a moving band method was used.7
Operative Technique
The operation was performed through a median sternotomy with
aortoatrial cannulation for the extracorporeal circulation under
general moderate hypothermia; cold blood cardioplegia was used
for myocardial protection. The aortic cannula was placed in the
proximal transverse aortic arch. With the pump on, the heart was
decompressed, and the aorta was then completely mobilized from
the surrounding structures. The procedure entailed approximation
of the aortic arch toward the valve level (Figure 1, A-D); for this
purpose, with the goal of relieving tension at the anastomosis level,
the horizontal aorta was largely mobilized, mainly (1) by dissect-
ing the first portion of the supra-aortic trunks and (2) by dissecting
the pericardial reflections adjacent to the inferior vena cava and
left atrium. Both aortic arch and the proximal aorta were in this
way completely suitable to be approximated without tension after
the aneurysmal resection. The ascending aorta was then cross-
clamped distal to the aneurysm and opened. The aneurysm was
resected between two circumferential aortotomies: the first at the
level of sinotubular junction and the second at the distal edge of
the aneurysm. Cardioplegia was then infused directly into the
coronary ostia according to the target (10°C) myocardial temper-
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When indicated, the aortic valve surgery was performed without
any modification of the surgical technique. The two ends of the
aorta were finally sutured with a continuous 4-0 polypropylene
suture. After standard deairing procedures, the aortic crossclamp
was released. Additional dissection of the aortic arch to avoid
tension was rarely necessary.
Statistical Analysis
Because of to the small sample , distribution-free methods based
on permutation inference were used to avoid unrealistic functional
assumptions.8 Statistical routines, implemented the StatXact sta-
tistical packages (Cytel Software Corporation, Cambridge, Mass),
were used. Categoric variables were tested with the Fisher exact
test; continuous variables were compared with both permutation
procedures on unpaired data and permutation procedures on paired
data, as appropriate. A permutation procedure for repeated mea-
sures was used to test differences of aortic diameters before and
after the procedure during the follow up. For graphic representa-
tion of the mean aortic root diameters at follow-up, a moving band
method was used.7 This method was chosen because of the vari-
able follow-up period. With this method the mean follow-up time
and the mean diameter were calculated for the 5 patients with the
shortest follow-up period. Then the band moved in time, incorpo-
rating the sixth patient and excluding the first patient. For these
patients a mean follow-up period and a mean diameter were
calculated again. This was repeated until the 5 patients with the
longest follow-up period were included. The width of the band
thus consisted of five patients and varied with time. So that the
individual behavior of the aortic diameters could be clarified, the
diameter modification was shown for each patient with at least
three measurements. Survival data were analyzed with standard
Kaplan-Meier actuarial techniques for estimation of survival prob-
abilities and compared with log-rank tests.
Results
Patients
One patient died 10 days after the operation of aortic rupture
related to suture infection caused by mediastinitis. Late
deaths occurred in 3 patients, who died respectively 12, 62,
and 71 months after the operation of lung cancer, car crash,
and respiratory failure. No patient had neurologic deficits.
No patient in this series required reoperation, including
patients with aortic regurgitation or bicuspid aortic valve.
The Kaplan-Meier estimate of survival for all patients was
120.4 months (95% confidence interval 105.1-135.7
months), with a freedom from death of 83.9% (95% confi-
dence interval 61.9%-93.8%) at 132 months (Figure 2).
Diameters
Aortic diameter measurements before and after cardiopul-
monary bypass (CPB) were available for all 34 patients. The
mean values of aortic measurements before and at different
time points after the operation are shown in Figures 3 and 4.
The individual increases of aortic diameters of patients with
3 or more measurements available are presented in the
The Journal of ThoracicFigure 4. There was a statistically significant difference
between the mean aortic diameter before and directly after
CPB. The median preoperative maximal aortic diameter
was 55.1 mm (range: 50.3-67.5 mm, 25th-75th percentile
50.5-56.8 mm); the median immediate postoperative diam-
eter was 40.3 mm (range 33.4-46.4 mm, 25th-75th percen-
tile 37.2-42.0 mm, P .0001 relative to preoperative diam-
eter), and the median length of the resected aortic segment
was 52 mm (range 48 to 76 mm, 25th-75th percentile
50.1-66.4 mm). The median decrease in aortic diameter was
24.9 mm (range 8.9-32.6 mm, 25th-75th percentile 18.2-
26.6 mm).
At follow-up, the mean aortic diameters showed no sta-
tistically significant enlargement when compared with the
findings of aortic contrast CT scan at discharge, with a
median aortic diameter at the end of the follow-up of 41.0
TABLE 1. Clinical, operative, and perioperative features (n
 34 patients)
Aortic stenosis, severe (No.) 18 (52.9%)
Aortic stenosis, moderate to severe (No.) 4 (11.7%)
Aortic regurgitation, severe (No.) 7 (20.5%)
Ascending aorta aneurysm without aortic
valve disease (No.)
5 (14.7%)
Mitral regurgitation (No.) 2 (5.8%)
Redo surgery (No.) 2 (5.8%)
Bicuspid aortic valve (No.) 9 (26.4%)
Ascending aortic aneurysm (No.) 7 (20.5%)
Inherited connective tissue diseases
(No.)
2 (5.8%)
Aortic score (median with 25th-75th
percentile)
14 (7-17)
New York Heart Association functional
class (No.)
1 14 (41.1%)
2 13 (38.2%)
3 5 (14.7%)
4 2 (5.8%)
Canadian Cardiovascular Society (No.)
1 26 (76.4%)
2 6 (17.6%)
3 2 (5.8%)
Associated procedures (No.)
Aortic valve replacement (No.) 27 (79.4%)
Aortic valve repair (No.) 2 (5.8%)
Coronary artery bypass grafting (No.) 0 (0%)
Transfusion performed (No.) 14 (41.1%)
Units transfused (median with 25th-75th
percentile)
1.3 (1-2)
CPB time (min, median with 25th-75th
percentile)
85 (74-109)
Crossclamp time (min, median with 25th-
75th percentile)
61 (53-76)
Intensive care unit time (h, median with
25th-75th percentile)
11 (15-2)
Postoperative hospital stay (d, median
with 25th-75th percentile)
10 (8-12)mm (range 34.6-46.1 mm, 25th-75th percentile 37.0-43.2
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With regard to aortic score, we found no difference between
patients with aortic regurgitation and those with stenosis
(median difference of 0, 2-sided P  .57).
Discussion
With the exception of a few conditions, in which a genetic
disorder of collagen structure has been identified, patho-
Figure 1. Ascending aorta is crossclamped distal to a
circumferential aortotomies: first at level of sinotubu
Horizontal aorta is then largely mobilized, mainly by
dissecting pericardial reflections adjacent to inferior v
performed before aortic crossclamping. Two ends of a
4-0 polypropylene suture (D).physiology of ascending aortic dilatation remains obscure.
1384 The Journal of Thoracic and Cardiovascular Surgery ● MaIn particular the complex relationships among mechanical
stress, medial degeneration, and genetic factors9-12 leave open
the debate about the strategies of prevention and timing, as
well as the surgical techniques to be used in this condition.
Only with regard to the Marfan syndrome and other
inherited connective tissue disorders has a consensus been
reached that more radical operations, extended to the aortic
root can be performed. For lesions attributable to other
causes, the surgical indications and the choice of the pro-
ysm and opened. Aneurysm is resected between two
unction and second at distal edge of aneurysm (A).
ecting first portion of supra-aortic trunks (B) and by
cava and left atrium (C). This part of operation can be
without tension, are finally sutured with a continuousneur
lar j
diss
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CDcedure depend on the cause of the disease, the size and the
extension of the lesion, and the patient’s profile and pref-
erences. In presence of a dilated ascending aorta associated
with a diseased aortic valve, the conventional techniques
range from less radical procedures, such as supported and
unsupported aortoplasty,13 to more aggressive interven-
tions, including the separate replacement of the aortic valve
and ascending aorta, valve-sparing root replacement, com-
Figure 3. Mean aortic diameter, using all available me
patients), at discharge (C, 33 patients), and at follow
follow-up, moving band method was used. Mean aortic
Figure 2. Cumulative survival (Kaplan-Meier method
resection and end-to-end anastomosis. Major verticalposite root replacement as described by Bentall and De
The Journal of ThoracicBono,14 and aortic root replacement with autografts, ho-
mografts, or xenografts.
Aortic interposition grafting is virtually always required
after resection of ascending and descending thoracic aortic
aneurysms because of the necessity to reconstitute the aortic
continuity without tension in patients with acquired or con-
stitutional weak aortic wall. Actually, primary anastomosis
for the repair of the aorta is considered the standard treat-
ements of 34 patients, before CPB (A), after CPB (B, 34
(end of follow-up, 29 patients). For measurements at
eter is given with 70% confidence interval (error bars).
34 patients in entire series who underwent aortic
indicate 95% confidence intervals of proportion.asur
-up) for
linesment for certain congenital anomalies, such as coarctation
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repair traumatic aortic injuries.1 The aortic aneurysmal re-
section and end-to-end anastomosis technique has been used
sporadically by other groups; however, there is a lack of
information about its long-term durability. Recently, 10
patients who underwent primary end-to-end aortic anasto-
mosis for ascending aneurysm were reported on in abstract
form by Zher and associates15; these anastomoses were
performed as a concomitant procedure in 8 cases, Within the
average follow-up interval of 11 months (maximal fol-
low-up 25 months), no treatment failures occurred. Vigano
and coworkers3 reported their experience of this technique
in 45 patients; during the follow-up period (23.7  12.3
months), 1 patient required reoperation and 2 patients died
of unrelated causes. The surviving patients showed a low
redilatation rate (1 patient, 2.3%) and no incidence of pseu-
doaneurysm.
The presented series has the longest mean follow-up
period of the literature and the long term satisfactory results
confirm the effectiveness of the procedure and its durability.
We underline, as a technical key point of this operation, the
extensive dissection of pericardial reflections, freeing both
the heart and the aortic arch. This enables relief of the
tension on the anastomosis, thus making possible wide and
radical resections.
This technique should be included among aortoplasty
Figure 4. Individual increases in aortic diameter of pa
(A), after CPB (B), and at follow-up.procedures, the most famous and commonly performed of
1386 The Journal of Thoracic and Cardiovascular Surgery ● Mawhich is that introduced early in the 1970s by Robicsek and
colleagues.13 This technique, at long-term follow-up, has
shown results comparable to or even better than those of
radical aortic root replacement.15 However, a recent arti-
cle16 indicates better results of aortoplasty in those patients
with aortic valve stenosis and poorer outcome in patients
with dilatation of the ascending aorta associated with aortic
valve regurgitation. The existence of defects in the aortic
tissue structure in patients with aortic regurgitation has been
suggested to explain these different behaviors. In our series
we found, with regard to aortic score, no difference between
patients with aortic regurgitation and those with stenosis
(median difference 0, 2-sided P  .57 by Mann-Whitney U
test).
In contrast to this finding, none of our patients with aortic
regurgitation exhibited recurrence of the ascending aorta
aneurysm requiring reoperation. Actually, in our series the
procedure was associated in most cases (26 patients) with a
prosthetic aortic valve replacement for native aortic valve
dysfunction. In our experience 2 patients had the stigmata of
connective tissue disorders, although they did not fulfill the
classic criteria of Marfan syndrome17; none of these sub-
jects showed a redilatation of the aortic root during the
follow-up. However, in light of the new insight about the
management of patients with Marfan syndrome, which en-
tails a more radical treatment extended to the aortic root, we
s with 2 or more measurements available before CPBtientno longer consider these patients with inherited systemic
y 2004
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CDconnective tissue diseases as potential candidates for this
operation.
Conclusions
In light of the long-term results presented here, ascending
aorta aneurysmal resection and primary end-to-end anasto-
mosis represents an effective treatment in patients with
ascending aortic aneurysms associated with valvular dis-
ease. Patients with Marfan syndrome or other inherited
connective tissue disorders should be not considered for this
treatment. The excellent results of the procedure suggest its
use as an alternative to aortic interposition grafting in pa-
tients with aortic regurgitation, in whom a high recurrence
rate of aneurysms with other techniques of aortoplasty is
reported.
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